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(57) ABSTRACT

A vehicle 1s capable of compensating for steering control
based on vehicle’s intrinsic factors and environmental 1influ-

ence factors, thereby performing steering compensation
control accurately. The vehicle includes: a storage unit; a
driving unit to drive a steering device; a sensor to acquire
detection signals including a steering angle and a steering
torque; and a controller to determine whether the vehicle 1s
in a predetermined stable running state based on the detec-
tion signals, wherein, when the vehicle 1s 1n the predeter-
mined stable running state, the controller extracts reference
information including a relationship between the steering
angle and the steering torque at one or more past time points,
stores the reference information in the storage unit, and
controls the driving umit based on a diflerence between the
reference information and the steering angle and the steering
torque.

8 Claims, 7 Drawing Sheets
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VEHICLE AND CONTROL METHOD
THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent
Application No. 10-2018-0122296, filed on Oct. 13, 2018 in
the Korean Intellectual Property Office, the disclosure of
which 1s incorporated herein by reference.

BACKGROUND
1. Field

Embodiments of the present disclosure relate to a vehicle
and a control method thereof, and more specifically, to a
technique for controlling a steering device to minimize
pulling of a vehicle.

2. Description of the Related Art

A vehicle may be unbalanced due to various factors when
the vehicle runs straight. In this case, a pulling phenomenon
may occur so that the vehicle 1s biased to one side regardless
ol the intention of a driver.

When the pulling phenomenon occurs, a driver manipu-
lates a steering wheel with a certaimn force such that the
steering wheel 1s directed opposite to a pulling direction of
the vehicle to allow the vehicle to run straight.

SUMMARY

Therefore, 1t 1s an aspect of the present disclosure to
provide a vehicle and a control method thereof capable of
compensating for steering control based on vehicle’s mtrin-
sic influences and environmental influences, thereby per-
forming steering compensation control accurately.

Additional aspects of the disclosure will be set forth 1n
part 1in the description which follows and, n part, will be
obvious from the description, or may be learned by practice
of the disclosure.

In accordance with one aspect of the present disclosure, a
vehicle includes a storage unit; a driving unit configured to
drive a steering device of the vehicle; a sensor configured to
acquire a plurality of detection signals including a steering
angle and a steering torque of the vehicle; and a controller
configured to determine whether the vehicle 1s 1n a prede-
termined stable running state based on the plurality of
detection signals, wherein, when the vehicle 1s 1n the pre-
determined stable running state, the controller extracts ret-
erence information including a relationship between the
steering angle and the steering torque of the vehicle at at
least one past time point, stores the reference information 1n
the storage unit, and controls the driving unit based on a
difference between the reference mnformation and the steer-
ing angle and the steering torque of the vehicle measured at
the at least one time point after the past time point.

The controller may determine a deflection value and a
steering recovery value based on the relationship between
the steering angle and the steering torque of the vehicle at
the at least one past time point.

The controller may determine the deflection value having
left or right directionality and the steering recovery value
corresponding to the deflection value.

The controller may determine an average detlection value
based on the deflection value, determine an average steering,
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recovery value based on the steering recovery value, and
extract the reference information by using the average
deflection value and the average steering recovery value.
The controller may extract a steering stoppage {rictional
force based on the relationship between the steering angle
and the steering torque of the vehicle at the at least one past
time point and start to control the driving unit based on the
steering stoppage Irictional force after the past time point.
The controller may extract an average steering stoppage
frictional force based on the steering stoppage Irictional
force extracted at the at least one past time point and start to
control the driving unit based on the average steering

stoppage Irictional force.

The controller may extract environment information
based on the difference between the reference information
and the steering angle and the steering torque of the vehicle
measured after the past time point.

The controller may assign a weight to at least one element
constituting the reference information and change at least
one weight based on the difference between the reference
information and the steering angle and the steering torque of
the vehicle measured at the at least one time point after the
past time point.

In accordance with another aspect of the present disclo-
sure, a method of controlling a vehicle includes driving a
steering device of a vehicle; acquiring a plurality of detec-
tion signals including a steering angle and a steering torque
of the vehicle; determining whether the vehicle 1s 1n a
predetermined stable running state based on the plurality of
detection signals; extracting reference information including
a relationship between the steering angle and the steering
torque of the vehicle at at least one past time point and
storing the reference information when the vehicle 1s 1n the
predetermined stable running state; and controlling a driving
unit based on a difference between the reference information
and the steering angle and the steering torque of the vehicle
measured at the at least one time point after the past time
point.

The controlling of the driving unit may include determin-
ing a deflection value and a steering recovery value based on
the relationship between the steering angle and the steering
torque of the vehicle at the at least one past time point.

The controlling of the driving unit may include determin-
ing the deflection value having left or right directionality and
the steering recovery value corresponding to the deflection
value.

The extracting and storing of the reference information
may include determining an average deflection value based
on the deflection value, determining an average steering
recovery value based on the steering recovery value, and
extracting the reference information by using the average
deflection value and the average steering recovery value.

The controlling of the driving unit may include extracting,
a steering stoppage irictional force based on the relationship
between the steering angle and the steering torque of the
vehicle at the at least one past time point and starting to
control the driving umit based on the steering stoppage
frictional force after the past time point.

The controlling of the driving unit may include extracting
an average steering stoppage irictional force based on the
steering stoppage frictional force extracted at the at least one
past time point and starting to control the driving unit based
on the average steering stoppage irictional force.

The extracting and storing of the reference information
may include extracting environment information based on
the difference between the reference information and the
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steering angle and the steering torque of the vehicle mea-
sured after the past time point.

The controlling of the driving unit may include assigning
a weight to at least one element constituting the reference
information and changing at least one weight based on the
difference between the reference information and the steer-
ing angle and the steering torque of the vehicle measured at
the at least one time point after the past time point.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the disclosure will become
apparent and more readily appreciated from the following
description of the embodiments, taken in conjunction with
the accompanying drawings ol which:

FIG. 1 1s a view showing a structure 1n which a vehicle
according to one embodiment receives signals from a plu-
rality of sensors to perform the integrated control.

FIG. 2 1s a control block diagram according to one
embodiment.

FIG. 3 1s a graph showing a relationship between a
steering angle and a steering torque according to one
embodiment.

FIG. 4 1s a view for explaining a difference between
reference information and a running environment ol a
vehicle according to one embodiment.

FIG. 5§ 1s a view for explaining compensation control
according to one embodiment.

FIGS. 6 and 7 are flowcharts according to one embodi-
ment.

DETAILED DESCRIPTION

Like reference numerals refer to like elements throughout
the specification. This specification does not describe all the
clements of the embodiments, and the general contents of
the related art or duplicative contents 1n the embodiments
will be omitted. The terms “unit,” “module,” “member,” and
“block™ used herein may be implemented by hardware or
soltware. It 1s also possible that a plurality of units, modules,
members, and blocks are implemented as one element, or
one unit, module, member, or block includes a plurality of
clements 1n accordance with the embodiments.

Throughout the specification, when an element 1s referred
to as being “connected” to another element, it may be
directly connected or indirectly connected to another ele-
ment. The indirect connection includes a connection through
a wireless communication network.

In addition, when some part “includes” some elements,
unless explicitly described to the contrary, 1t means that
other elements may be further included but not excluded.

Throughout the specification, when a member 1s referred
to as being located “on” another member, a third member
may be present between the two members 1n addition to the
two members being 1n contact.

The terms such as “first” or “second” may be used to
distinguish one element from another, but the elements are
not limited by the terms

Singular forms are mntended to include plural forms unless
the context clearly indicates otherwise.

Reference numerals of operations are used for conve-
nience ol description, and the reference numerals do not
indicate the order of the operations. The operations may be
performed in an order that 1s different from the described
order unless a specific order 1s clearly described 1n context.

- 4 1
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Hereinatfter, an operation principle and embodiments of
the present disclosure will be described with reference to the
accompanying drawings.

When the vehicle 1s running, the pulling of the vehicle
may be determined by measuring a steering torque, a yaw
angle, a steering angle, and a vehicle speed.

In this case, when the driver performs steering control
through compensation control with a steering torque gener-
ated when driving straight to follow the center of a lane
where the pulling 1s expected, the vehicle may be biased to
one side of the lane or the driver may feel bilateral asym-
metric control due to vehicle’s intrinsic influences (e.g.,
pulling, steering asymmetric {rictional force and suspension
devices) and environmental influences (e.g., road gradient).

However, when the driver i1s driving straight through the
above process, an accurate compensation control 1s diflicult
because the pulling 1s calculated and compensated by accu-
mulating the degree of steering torque without taking vari-
ous other influences mto consideration.

FIG. 1 1s a view showing a structure in which a vehicle
according to one embodiment receives signals from a plu-
rality of sensors to perform the integrated control.

Referring to FIG. 1, 1n embodiments, a vehicle 1 includes
one or more sensors 200, a controller 300, and a driving unit
400.

The sensors 200 may include various devices such as a
front camera, a steering angle sensor, a torque sensor, and a
vehicle G sensor capable of sensing or recognizing objects.

The sensors 200 generate and output different detection
signals when detecting an object. In addition, the detection
signals output from the sensors 200 include a steering torque
at each time point for braking the vehicle 1 according to a
result of sensing the object.

One or more controllers of the vehicle 1 integrally man-
ages signals output from a plurality of sensors so as to
perform the collision avoidance function against a sensed
object.

Meanwhile, a driver assistance system may include a
plurality of devices connected through a vehicle communi-
cation network (NT). For example, the driver assistance
system may include a forward collision warning (FCW)
system, an advanced emergency braking system (AEBS), an
adaptive cruise control (ACC) system, a lane departure
warning system (LDWS), a lane keeping assist system
(LKAS), a blind spot detection (BSD) system, and a rear-end
collision warning (RCW) system.

The devices included 1n the vehicle 1 may communicate
with each other through the vehicle NT. The vehicle NT 1s
a communication system which can adopt a communication
protocol such as a media oriented systems transport (MOST)
having a communication rate up to 24.5 Mbps (mega-bits
per second), a FlexRay having a communication rate up to
10 Mbps, a controller area network (CAN) having a com-
munication rate in the range of 125 kbps (kilo-bits per
second) to 3.7 Mbps and a local interconnect network (LIN)
having a communication rate of 20 kbps. Such a vehicle NT
may adopt a single communication protocol such as the
MOST, the FlexRay, the CAN, or the LIN and may employ
a plurality of communication protocols.

The controller 300 may integrate a plurality of detection
signals received from the sensor 200 and output an inte-
grated control signal.

In detail, the controller 300 determines the sensing result,
that 1s, determines whether the detection signal 1s on based
on the detection signal transmitted from the sensor 200.
Based on the determination result, the controller 300 gen-
erates and outputs an integrated control signal for control-
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ling the driving unit 400. Meanwhile, the controller 300
includes a memory for storing an algorithm to control the
operation of components in the vehicle 1 or data of a
program for reproducing the algorithm and a processor that
executes the above operation by using the data stored in the
memory. In embodiments, the memory and the processor
may be implemented as separate chips. Alternatively, the
memory and the processor may be implemented as a single
chip.

In addition, the controller 300 may be provided in the
vehicle 1 as a separate module for generating an integrated
control signal.

The driving unit 400 may receive the integrated control
signal from the controller 300 to drive the steering device of
the vehicle 1.

FIG. 2 1s a control block diagram according to one
embodiment.

Referring to FIG. 2, a vehicle according to one embodi-
ment may include a storage unit 500, a driving unit 400, a
sensor 200, and a controller 300.

In embodiments, the storage unit 500 may store reference
information including a relationship between a steering
angle and a steering torque of the vehicle at one or more past
time points extracted by the controller 300 as described
below.

The reference information 1s obtained by measuring data
ol a steering angle sensor and a torque sensor of the vehicle
while driving and refers to data obtained when the vehicle
stably runs straight. Details of the reference information will
be described below.

The driving unit 400 may drive the steering device of the
vehicle. In embodiments, the driving unit 400 may be
implemented as an apparatus that changes the running
direction of the vehicle based on the intention of a driver or
the extraction result of the controller 300.

In one embodiment, the driving umt 400 includes a
steering wheel and a steering shait and 1s an operating
mechanism for transmitting a steering force of a driver to a
gear device. In another embodiment, the driving umt 400
may include a gear device for transmitting a steering force
to a running link mechanism by changing the direction of the
steering force while increasing a rotational force and a link
mechanism that transmits an operational force of the gear
device to front wheels while properly supporting the relative
position of left and right wheels.

The sensors 200 may acquire a plurality of detection
signals including a steering angle and a steering torque.

When the vehicle 1s 1n a predetermined stable running
state, the controller 300 extracts reference information
including a relationship between the steering angle and the
steering torque of the vehicle at one past time point or
multiple past time points, stores the reference information in
the storage unit 500, and controls the driving unit 400 based
on the difference between the reference iformation and the
steering angle and the steering torque of the vehicle mea-
sured at one driving time point or multiple driving time
points aiter the one or more past time points.

The predetermined stable runming state refers to a situa-
tion in which the vehicle stably runs straight under a
predetermined condition.

The controller 300 may determine a deflection value and
a steering recovery value based on the relationship between
the steering angle and the steering torque of the vehicle at
the one past time point or at each of multiple past time
points. As described below, the controller 300 can graphi-
cally extract the relationship between the steering angle and
the steering torque and can determine the deflection value
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which indicates the degree of bias of the vehicle from the
center and the steering recovery value which indicates a
steering recovery force by using a nodal point between a
gradient ol a graph and the axis.

The controller 300 may determine the deflection value
having left or right directionality and the steering recovery
value corresponding to the deflection value.

The controller 300 may determine an average deflection
value based on the detlection value, determine an average
steering recovery value based on the steering recovery value,
and extract the reference mformation by using the average
deflection value and the average steering recovery value. In
embodiments, the controller 300 may extract average values
based on the detlection value having the right or left direc-
tionality and the steering recovery value to extract the
reference information.

In addition, the controller 300 may extract a steering
stoppage 1rictional force based on the relationship between
the steering angle and the steering torque of the vehicle at
one past time point.

The steering stoppage frictional force may be extracted as
an average torque obtamned when the steering angle 1is
stationary.

The controller 300 may extract an average steering stop-
page Irictional force based on the steering stoppage Iric-
tional force extracted at multiple past time points and start
to control the driving unit 400 based on the average steering
stoppage Irictional force. In embodiments, the controller 300
may further apply the frictional force to output a predeter-
mined torque when starting the steering control.

The controller 300 may extract environment information
based on the difference between the reference information
and the steering angle and the steering torque of the vehicle
measured after the past time point.

The controller 300 may extract the detlection state of the
vehicle based on the diflerence between the reference nfor-
mation extracted as described above and information
extracted after the past time point by the sensor 200.

In addition, the controller 300 may assign a weight to at
least one element constituting the reference information for
compensation control and may change at least one weight
based on the difference between the reference information
and the steering angle and the steering torque of the vehicle
measured at the one or more drniving time points after the
past time point.

The controller 300 may determine that the steering recov-
ery force 1s strong when a graph having a large gradient 1s
formed and that the steering recovery force 1s weak when a
graph having a small gradient 1s formed.

The controller 300 may include a memory for storing an
algorithm to control the operation of components in the
vehicle or data of a program for reproducing the algorithm
and a processor that executes the above operation by using
the data stored in the memory. In this case, the memory and
the processor may be implemented as separate chips. Alter-
natively, the memory and the processor may be implemented
as a single chip.

At least one component may be added or deleted corre-
sponding to the performance of the components of the
vehicle shown m FIG. 2. It will be readily understood by
those skilled 1in the art that the relative position of the
components can be changed corresponding to the perfor-
mance or structure of the system.

Meanwhile, the components shown in FIG. 2 refer to
soltware components and/or hardware components such as
a field programmable gate array (FPGA) and an application
specific mtegrated circuit (ASIC).
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FIG. 3 1s a graph showing the relationship between the
steering angle and the steering torque according to one
embodiment.

Referring to FIG. 3, the X-axis represents the steering
angle and the Y-axis represents the steering torque. The
controller 300 can extract the relationship between the
steering angle and the steering torque as shown in FIG. 3
under the condition that the vehicle 1s stably runming
straight.

When the vehicle 1s 1n the predetermined stable running
state, the controller 300 may extract the relationship
between the steering angle and the steering torque. The
stable running state may include a speed of a running
vehicle, a steering angle, a steering angular velocity, a lateral
acceleration, a longitudinal axis acceleration, a yaw rate, and
a curvature value of a running vehicle.

Meanwhile, the controller 300 can extract the relationship
between a right steering angle and a right steering torque and
the relationship between a left steering angle and a left
steering torque.

The relationship between the right steering angle and the
right steering torque can be approximated by L1, which 1s a
linear function 1n the graph, and the relationship between the
left steering angle and the left steering torque can be
approximated by a linear function L2 in the graph. Fach
function can be expressed by the following equation.

I'=A4-SA+h [Equation 1]

In Equation 1, T denotes a steering torque, A denotes a
gradient of the graph, SA denotes a steering angle, and B
denotes a nodal point between the graph and the Y axis.

Gradients A1 and A2 of L1 and L2 may correspond to the
steering recovery value, which 1s a steering recovery torque
of the vehicle. Further, nodal points B1 and B2 where L1 and
[.2 intersect the Y axis may correspond to the deflection
value of the vehicle which indicates the degree of bias of the
vehicle to one side from the center. Meanwhile, the control-
ler 300 can extract an average value of the two graphs and
a graph L3 of the average value. The average value graph L3
can be extracted as the average of the gradients of L1 and .2
and the average of the Y-intercepts. The equation used in this
calculation 1s as follows.

Al + A2

43— . |Equation 2]

Referring to Equation 2, a gradient A3 of the graph L3,
which 1s the average value, may be extracted by using the
average of the gradients A1 and A2 of the graphs L1 and L2.
Meanwhile, as described above, the gradient may corre-
spond to the steering recovery value in the graph of the
relationship between the steering angle and the steering
torque.

5 Bl + B2 |Equation 3]

2

Referring to Equation 3, the gradient A3 of the graph L3,
which 1s the average value, can be extracted by using the
average of the Y-intercepts B1 and B2 1n each of the graphs
L1 and L.2. Meanwhile, as described above, the Y-intercept
may correspond to the deflection value 1n the graph of the
relationship between the steering angle and the steering
torque.

10

15

20

25

30

35

40

45

50

55

60

65

8

In addition, the controller 300 can extract the reference
information based on the L1 to L3 extracted through the
above operation. The controller 300 may compare the ret-
erence information with the state of the vehicle to determine
the running state of the vehicle atter the past time point and
may control the vehicle to run along the center of the road
by compensating for the deflection driving.

FIG. 3 shows one embodiment for extracting the refer-
ence miformation, but the operation i1s not limited as long as
it can extract the relationship between the steering angle and
the steering torque 1n the stable running state of the vehicle.

FIG. 4 1s a diagram for explaining the difference between
the reference information and the runming environment of
the vehicle according to one embodiment.

Referring to the upper drawings of FIG. 4, the vehicle 1s
running on a road having a slope 1 a traverse direction.
When the vehicle runs on the road while being tilted to the
right, the relationship between the steering angle and the

steering torque may be extracted in the form of a graph 1.4
that 1s further shifted to the left than the graph of the
relationship between the steering angle and the steering
torque extracted in FIG. 3. In embodiments, since the
vehicle 1s tilted to the right, 1t 1s necessary to generate a
torque to change the steering to the left, so the graph 1s
extracted 1n the form which 1s parallel shifted to the left from
the original graph. When the relationship between the steer-
ing torque and the steering angle 1s established to the lett as
compared with the original graph L3, the controller 300 may
determine that the vehicle 1s tilted to the rnight so that the
controller 300 may perform the compensation control 1n
correspondence with the relationship between the steering
torque and the steering angle.

Referring to the lower drawings of FIG. 4, the vehicle 1s
running on a road having a slope. When the vehicle runs on
the road while being tilted to the left, the relationship
between the steering angle and the steering torque may be
extracted in the form of a graph L3 that 1s further shifted to
the right than the graph of the relationship between the
steering angle and the steering torque extracted 1n FIG. 4A.
In embodiments, since the vehicle 1s tilted to the left, 1t 1s
necessary to generate a torque to change the steering to the
right, so the graph 1s extracted 1n the form which 1s parallel
shifted to the nght from the original graph. When the
relationship between the steering torque and the steering
angle 1s established to the right as compared with the
original graph L3, the controller 300 may determine that the
vehicle 1s tilted to the left so that the controller 300 may
perform the compensation control 1 correspondence with
the relationship between the steering torque and the steering
angle.

In addition, since the difference 1n the relationship
between the steering torque and the steering angle relates to
an environment of the road on which the vehicle runs, the
controller 300 may extract environment information based
on the difference between the reference information and the
steering angle and the steering torque of the vehicle mea-
sured at the current time point. The controller 300 may
determine that the vehicle 1s tilted to the right based on the
above difference.

Meanwhile, the embodiment shown in FIGS. 4A and 4B

1s only one embodiment for extracting the gradient of the
road on which the vehicle runs, and there 1s no limitation for
the operation when the operation 1s performed by using the
relationship between the steering torque and the steering
angle to extract other running environment of the vehicle as
well as the gradient of the road.
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FIG. 5 1s a view for explaining the compensation control
according to one embodiment.

Referring to FIG. 5, the controller 300 may perform the
compensation control based on the steering angle and the
steering torque obtained at the current time point while
performing the steering control through a basic steering

control 700. The controller 300 may control the driving unit
400 based on the difference between the reference informa-
tion and the steering angle and the steering torque of the
vehicle measured at the driving time point after the past time
points. In addition, the controller 300 may assign a weight
to at least one element constituting the reference mforma-
tion. For example, a weight G1 may be assigned to a
deflection value 701, a weight G2 may be assigned to a
steering recovery value 702, a weight G3 may be assigned
to a stoppage Iriction 703, and a weight G4 may be assigned
to environment information 704. As described above, the
controller 300 may control the weights for driving the
vehicle corresponding to the reference information.

For example, when the vehicle runs on the road while
deviating from the center of the current running road less
than a predetermined distance, the controller 300 may deter-
mine that the pulling phenomenon 1s not great, so the
controller 300 may control the deflection value and the
steering recovery value. According to one embodiment, the
controller 300 may control values of G1 and G2.

In addition, when the vehicle runs on the road while
deviating from the center of the current running road more
than a predetermined distance, the controller 300 may deter-
mine that the pulling phenomenon 1s great, so the controller
300 may control the environment information value.
According to one embodiment, the controller 300 may
control the value of (4.

Meanwhile, the operation described with reference to
FIG. 5 1s only one embodiment for explaining the operation
of the present disclosure, and there 1s no limitation for the
operation of assigning or changing weights as long as the
operation 1s performed to prevent the pulling phenomenon
of the vehicle.

FIG. 6 1s a flowchart according to one embodiment.

Referring to FIG. 6, the sensor 200 may acquire a plurality
ol detection signals (1001). When 1t 1s determined that the
vehicle 1s 1n the predetermined stable running state (1002),
the relationship between the steering angle and the steering
torque may be extracted (1003). The controller 300 may
extract the reference information based on the relationship
between the steering angle and the steering torque extracted
as described above and may store the reference information
in the storage unit 500 (1004). Then, the controller 300 may
control the steering driving based on the difference between
the extracted reference information and the steering angle
and the steering torque of the vehicle measured at a time
point after the past time point (1005).

Referring to FIG. 7, the controller 300 may extract the
relationship between the steering angle and the steering
torque (1011). The controller 300 may extract the reference
information and may store the reference information in the
storage unit 500 (1012) based on the extracted information.
The controller 300 may assign a weight to at least one
clement constituting the reference iformation (1031). The
at least one element may include a deflection value, an
average recovery value, and the like. Meanwhile, the con-
troller 300 may change at least one weight based on the
difference between the reference mnformation and the steer-
ing angle and the steering torque of the vehicle during the
above operation (1014).
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Meanwhile, the disclosed embodiments may be imple-
mented in the form of a recording medium for storing
instructions executable by a computer. The nstructions may
be stored in the form of program code and may generate a
program module when executed by a processor to perform
the operations of the disclosed embodiments. The recording
medium may be implemented as a computer-readable
recording medium.

The computer-readable recording medium may include all
kinds of recording media where instructions which can be
decoded by a computer are stored. For example, the record-
ing media may include a read only memory (ROM), a
random access memory (RAM), a magnetic tape, a magnetic
disk, a flash memory, an optical data storage device, and the
like.

Logical blocks, modules or units described 1n connection
with embodiments disclosed herein can be implemented or
performed by a computing device having at least one
processor, at least one memory and at least one communi-
cation interface. The elements of a method, process, or
algorithm described 1n connection with embodiments dis-
closed herein can be embodied directly 1n hardware, in a
software module executed by at least one processor, or in a
combination of the two. Computer-executable instructions
for implementing a method, process, or algorithm described
in connection with embodiments disclosed herein can be
stored 1n a non-transitory computer readable storage
medium.

As 1s apparent from the above description, a vehicle and
a control method thereof 1n accordance with one embodi-
ment of the present disclosure can compensate for the
steering control based on vehicle’s intrinsic factors and
environmental influence factors, thereby performing the
steering compensation control accurately.

The embodiments disclosed with reference to the accom-
panying drawings have been described above. It will be
understood by those skilled 1n the art that various changes in
form and details may be made without departing from the
spirit and scope of the mvention as defined by the appended
claims. The disclosed embodiments are illustrative purposes
only and should not limit the present disclosure.

What 1s claimed 1s:

1. A vehicle comprising:

a storage unit including a memory configured to store

information;

a driving unit configured to drive a steering device of the

vehicle;

at least one sensor configured to acquire a plurality of

detection signals including a steering angle and a
steering torque of the vehicle; and

a controller including a processor and configured to

determine whether the vehicle 1s 1n a predetermined
stable running state based on the plurality of detection
signals, wherein, when the vehicle 1s 1n the predeter-
mined stable running state, the controller 1s configured
to extract reference information including a relation-
ship between the steering angle and the steering torque
of the vehicle at one or more past time points and store
the reference information 1n the storage unit, and fur-
ther configured to control the driving unit based on a
difference between the reference information and the
steering angle and the steering torque of the vehicle
measured at one or more driving time points after the
one or more past time points;

wherein the controller 1s further configured to extract a

steering stoppage Irictional force based on the relation-
ship between the steering angle and the steering torque
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of the vehicle at the one or more past time points and
start to control the driving unit based on the steering
stoppage Irictional force after the one or more past time
points;

wherein the steering stoppage frictional force 1s an aver-

age torque of the steering torques obtained when the
steering angle 1s stationary;

wherein the controller 1s further configured to extract an

average steering stoppage frictional force based on the
steering stoppage Irictional force extracted at the one or
more past time points and start to control the driving
umt based on the average steering stoppage irictional
force;

wherein the reference information includes a deflection

value, a steering recovery value, and the steering stop-
page irictional force; and
wherein the controller 1s further configured to assign a
weight to the deflection value, the steering recovery
value, and the steering stoppage irictional force con-
stituting the reference information and change the
weight based on the difference between the reference
information and the steering angle and the steering
torque ol the vehicle measured at the one or more
driving time points after the one or more past time
points.
2. The vehicle according to claim 1, wherein the controller
1s configured to determine the deflection value having leit or
right directionality and the steering recovery value corre-
sponding to the deflection value.
3. The vehicle according to claim 1, wherein the controller
1s configured to determine an average detlection value based
on the deflection value, determine an average steering recov-
ery value based on the steering recovery value, and extract
the reference information based on the average detlection
value and the average steering recovery value.
4. The vehicle according to claim 1, wherein the controller
1s configured to extract environment mformation based on
the difference between the reference information and the
steering angle and the steering torque of the vehicle mea-
sured after the one or more past time points.
5. A method of controlling a vehicle, the method com-
prising:
driving a steering device of a vehicle;
acquiring a plurality of detection signals including a
steering angle and a steering torque of the vehicle;

determining whether the vehicle 1s 1n a predetermined
stable running state based on the plurality of detection
signals;

extracting reference information including a relationship

between the steering angle and the steering torque of
the vehicle at one or more past time points and storing

10

15

20

25

30

35

40

45

50

12

the reference information when the vehicle 1s 1n the
predetermined stable running state; and

controlling the steering device based on a difference

between the reference information and the steering
angle and the steering torque of the vehicle measured at
one or more driving time points after the one or more
past time points;

wherein the controlling comprises extracting a steering

stoppage 1Irictional force based on the relationship
between the steering angle and the steering torque of
the vehicle at the one or more past time points and
starting to control the driving unit based on the steering
stoppage Irictional force after the one or more past time
points;

wherein the steering stoppage rictional force 1s an aver-

age torque of the steering torques obtained when the
steering angle 1s stationary;
wherein the controlling comprises extracting an average
steering stoppage Irictional force based on the steering,
stoppage Irictional force extracted at the one or more
past time points and starting to control the driving unit
based on the average steering stoppage irictional force;

wherein the reference information includes a detlection
value, a steering recovery value, and the steering stop-
page Irictional force,

wherein the controlling comprises assigning a weight to

the deflection value, the steering recovery value, and
the steering stoppage Irictional force constituting the
reference mformation and changing the weight based
on the difference between the reference information
and the steering angle and the steering torque of the
vehicle measured at the one or more driving time points
after the one or more past time points.

6. The method according to claim 5, wherein the control-
ling comprises determining the deflection value having left
or right directionality and the steering recovery value cor-
responding to the deflection value.

7. The method according to claim 5, wherein the extract-
ing and storing of the reference information comprises
determining an average deflection value based on the detlec-
tion value, determining an average steering recovery value
based on the steering recovery value, and extracting the
reference miformation by using the average deflection value
and the average steering recovery value.

8. The method according to claim 5, wherein the extract-
ing and storing of the reference information comprises
extracting environment information based on the difference
between the reference information and the steering angle
and the steering torque of the vehicle measured after the one
Oor more past time points.
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